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MEMORANDUM REPORT

for
Army Alr iforces, Materiel Command
LATERAL-CONTROL CHARACTERISTICS Or NORTH AMERICAN

XP-51 AIRPLANE (A. C. No. L1-38) WITH BEVELED

TRAILING~-EDGE ATILERONS IN HIGH-SPEED FLIGHT

Qy Herbert M, Hoover and Maurice D. White
SUMMARY

The flight tests of beveled tr alling-edge ailerons on
the Iorth Armerican XP-51 airplane, as revnrted in reference 1,
were extended to deteirmine the aileron characteristics in
high-speed dives,

Standard HACA recording instruments were used to deter-
mine airspeed, alleron position, stick force, and rate of
roll.,

The tests were carried to an indicated alirspeed of
approximately 1192 miles per hour (520 niles per hour true
airspeed) at an altitude of about 6000 feet, The maxinunm
airspeed corresponds to a Mach nurber of aoproximately (.69.

The results obtained show that the béveled trailing-edge
form of aerodynamic balance, as used on the XP-51 ailercns,
had no abnormal or unusual characteristics in high-~speed

flight, The alleron effectiveness and aileron hinge

moments remained essentlially rroportional to aileron deflec-

tion at all speeds tested and there was no tendency for the

aillerons to shake or overbalance,.




A trim tab that was installed on the left alleron resulted
in a vronounced lef% 2 reaviness with the tab In neutral.
With the tab set in the full—up position, the airplane trimmed
at botl: ends of the sypeed range tested and became a little
right-wing heavy (3 1b force) at Intermediate speeds. Viith

this tab setting, stick forces reguired to obtain a given rate
& -

of roll were considera bly gre for left rolls than for right
rolls, 1th the tab In neutral snd hinge and end gaps sealed

with fabric, the left-wing heaviness due to the tab was largely

1 up to at least 200 miles per hour, the highes®t speed

<

eliminate:
tested in this condition: go that the characteristics were
similar to those obtained with the previous exmerimenta

ailercons vhich haed no tab. It aDLbFYS advizsable to avoid the

o))

use of a tab with the allerons and to use a bungee for the
slight amount of trirmming then reqguired.
INTRODUCIION
in the aileron-effectiveneass tests of relerence 1, in which
the ailerons were modified by securing false ribs to the
original surface and fastening a new skin to the ribs, the

increase in welght resulting from the modification and 1to added

mass balance amounted to about 70 percent of the original

aileron welght, RBecause of lack of knowledge ol the fluit
characteristics of the wing with this added welght at the wf”g
‘trailing edge, the Investigation was confined to inmdicabted air-

speeds below %200 miles per hour.
In order to permit tests at higher speeds, & new pair of
allerons was bullt embodying the same airfoll

2 -

modified zilerons ori ginall

<3

tested, but of construction similar

(.

o

to that of the original allerons of the alrplane and weighing

about %0 percent more than the original 26 pounds.
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The results of tests of the effectiveness and stick—force

charscteristics of these ailerons at high speeds are presented
in this report. The effects of a gap between tab &nd alleron
on beveled trailing-edge surfaces are alsc indicated.
ATLERON IHSTALLATION
The structural design of the ailerons used in the
presen ests was similar to that of the original XP-51
ailerons. The original main epar and hinge Fittings were

used, but th s and covering were fazbricated of slightly

e
heavier sheet than the original, The section contours were

a2 e

e
thie same &as those »f the modilied ailerons of reference 1.

"

inches in span and tapercd In che
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5~Z inches was instslled on the lelt wing
% A
. 1); no tab was p
modified allsrons reported on in reference 1 ad no taba,

TPVTJ, REZTLTS, ANUD DISCUSSICH
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¥

The procedure used in the present tests was the same a:

that used to obtain the results given in reference ]

B

g

Standard NaCA recording instruments were used to recorqi
b .

4

stick force, alleron angle, and rolling velocity as the
pilot abruptly applied aileron conitrol Ffrem laterally level

N 3

flight at various airspeeds, the rudder being held fixzed at

each trim position,
The results of tests made at various indicated airspeeds
Qiefined by Vi = 45.09 vﬁgzgjfzanare shown in Tigure 2
where the effectiveness, as (oiineﬂ Ly *the parameter %%,
27

and sticl forces are plotted agsinst total aileron deflection.

Although 1t was intended to nerform a serles of alleron



defléctions at eaéh of several indlcated airgspeeds, the
airspeed varied somewhat in each series of runs so that it
>was:necessary to correct the data to the average aiPSpeéd for
each of the curves shown.

The msximum indicated alrspeed obtained was L92 miles
per hour at an altitude of about 6000 feet. This corre-
sponds to a true airspeed of 520 mliles per hour and a lach
number of 0.69.

T

Cipure 2,

pb
,

meximm value of £= of 0.0k

+

As ig shovn by the
V

obtained in Full deflectlon rolls, and the effectiveness per
unitv control deflection I'or tne rebuiit ailerons acree well
with corresponding values for the first pair of modified
ailerons, reproduced in figure < from reference 1. The
slight increase in effectlveness per unit control deflectio:
indicated for tlhie rebullt allerons as compared with the Iirst
modified ailerons is probably within the experimental accuracy
of the tests, |

For the rebullt aileroné, the sticlt forces requifed for
a given deflection in rolls to the left are greater than lor

the first pair of modifled ailerons, and are less in rolls to

the right. This difference in charscteristics as compared
£ .

with the first pair of modified ailerons was shown by tests
discussed in a later section of this report to be caused by
the trim tab which was installed on the rebuilt allerons, but

not on the first modilied allerons,
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In figure 3%, values of %% and of the maximum rolling

[ &

velocity obtainable with a stick force of 30 nounds, thil
value being considered a reasonable upper limit fof stick
forces, are plotted against indicated alrspeed fdr the
rebuilt ailerons, Results for the first palir of modlified
ailerons and for the original ailerons are also shown,
The effect of the heavier forces required in rolls to the
left is evidenced in the lower rolling velocities obtalnable
in left rolls as compared with right rolls at high speeds.
Specifically, the results show that at an indilcated
airspeed of 2!,8 miles per hour; wvhich corresponds to apnproxi-

mately 0.7 of the maximum level-flight speed, a value of

b . . . . . . . .
57 of 0.07 1s obtained in right rolls and 0.05% in left rolls
for a %0-pound stick force.,. The average of these values,

which would correspond to the conditiontwnere the unsym-
metrical effects of the tab are eliminated, 1s indicated by
the curve for the first pair of modified ailerons to be 0,061,
which is less than the recommended valﬁe o U.07.
Aileron Trim Tab Effectiveness

As originally constructed, a considersble gap exlisted
between the trim tab on the left alleron and the alileron
itself. Preliminary tests of the allerons showed a right
force of varying but rather large magnitude to be required
for trim over the speed range with the tab set at aeutral,

It was also shown that the tab was inadequate [for producing
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lateral trim when deflected upward as required, but that it
vas effective in increasing the lateral unbalance when
deflected cdownward.

Tests wlth the gap sealed on both upper and lower slides
and with the tab set at neutral showed the condition of
unhalance to be practically eliminated, so that throughout
the speed range little or no force was reguired for trim.
Accordingly, metal shrouds covering the gap on both upper
and lower sides were installed and tested (fig. 1). With the

rouds installed, the forces neceagsary ror trim with the tab
PRI R L
VLo e i

undeflected were larger than with the gaps se&ledﬁ,;owevcr,

in contrast with the open rfaps, it was nossible to trim out
the forces at all speeds by deflecting the tab un. Some

dissyvumetry in tah éffectiveness between up and down ceflections
still existed.

g discussed in the

6]

The ftests of aileron effectivene
preceding section of this report indicated that aiflerenices
in aileron forces between right and left alleron defllections
exlsted even with the shrouds over tie gap. To establish

Pal

11fferences, a series of alleron rolls

e
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the orig:
was made with the gapes at the Ilront and ends of the tab sealed
with tape. The forces required for left and right rolls.were
then found to be the same,

From the above results, it appesrs that the installation

of the tab on the beveled trailing-edge alleron introduced
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certain uvnsyrmmetrical effects which largely nullified the

o

benefits of the trim tab. On tinis basis, it would anpear

e

desirable that the_triﬁ tab e eliminated and a.different

means bé adopted Tor balancing the small forces (3 1b or less)
as shown in figuve L

necesgsary for trim with the ailerons having no taos,. A

of control deflec-

uetural Considerations

Since the deflectlion range for the allerons was increased

e ~

for the nresent tests, a study was made to determine fron
exlisting data the probahle safe dellection 1limits for ailerons
at high sreeds on the XP-51 a’rplane. The relation between
figure 5.

-

The arplied aerodynamic loads For various sileron deflections

ere calculated from basic pressure-distribution data on plain

flans, The alleron cdesign loads and static test bresauing

‘__l

oads were obtained from Infornation sunpliied by the Materiel

Ey

Center Liaison 0ffice. The following extract is guoted from
the communications
L] L ] L - . L] L ] [ ] L) . . - L] . * L] . - > L ] - . - - . L] L] .

The two load conditions listed below were considered

] o " 2 - - g4 - s . L e
in the design of the ailerons ond an aileron was shavic

tested for the leading of condl

at 115 percent ultimnte loazd.
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a., Neutral condition
Averaze lcading - 18% pounds per square foot
Total torgue ner aileron - 5512 inch-pournds
. Deflected condition

Trarezoidal loading in accordance with AAF

4fverage load ver allernn - 33 pounds per siuare

Total rque per aileron - 25L2 inch-pounds
The alleron conbtrol svstem was not included In the static
tests of tle alisron. The alleron control systen was

; A . 5 ! .
nroof tested witlh a hinge monment ol 13l inch-pounds placed

on both ailerons upward and allerons dellected upward 3
degrees 37 minutes, For an inverted loading check, a
dovn hinge moment of 782 inch-pounds was placed wn both

allerons sinmltaneously and then deflected downward 1 degre

s
H

minutes, For the deflected condition a mux irum upvard

=

hinge noment of 1QL1 Inch-npounds was placed on one aileron

and a maximunm down hinge moment of 78% inch-pounds on the

P

otlhier, The alleron cables were rigged to an initial
tension of 40 pounds. No perrmznent set reculted fron any
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The aileron deflections and alrspeeds at vhich these

structural loads are de oped were calculated from basic

pressur

D

-distribution data oan plain flavns.

The results of these calculatlons are probably somewhat
conservative for the beveled trailing-edge surfaces since the
data for plain flaps used in the analysis o not take into
account the reduction in lecad at the trailing edge corre-

sponding te the balance obtained witli the beveled tralliing-edge
shape. It should be pointed out that for plain flaps

vithout concavity the dellected flaps have chordwlise

i

pressure distributlons that are essentially triesngulsr and
shonld therefore be compared with structural design loads
having a triangular distribution.

A& detailed explanation for the three curves in figure'ﬁ'

Tfollows:

Condition I (design load for trapezoidal distribution). -

5

One of the conditions assumed in the structural dezlgn is an

e

average design load of 8% pounds per sguare foot (applisd
str

'._Jn

]—n

load 1/1.5 x 82 1b per sg ft) with a tranezoidal di

bution. The curve for condition I shows the &lirsneeds and
deflectlions at which a 1load of 1/1.5 x 83 pounds per square
foot would be obtained. Since wind-tunnel pressure-

distribution data for plain flaps show that the load developed
at these speeds and deflections would actually be trisngular

S

*.)c

in. distribution rather than trapezoidal, this conditiocn
s’
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not regarded as a rational basis for establishing the safe
aileron-deflection range for flight. This conclusion is
verified by an analysis of the foree data of figure 2
which indlcates the center of pressure ol the aileron loads
to be even farther forward than the 1/3-chord point that
corresponds to a triangular distribution; hence, the torque
or hinge moment indicated for a given load in the loading
specifications is greatly overestimated, Alleron deflec-
tions obtalned in the NACA flight tests of the ailerons
exceeded the delflectlions shown by the curve by substantial

amounts,

Condition II (design load for triangular distribution). - A

second and more ratlional condition assumed in the design is a
design load of 147 nounds per square oot (applied load

1/1.5% 18% 1b nper sg Ft) wit

1.te
=)
ct
+3
,-J.
{0
a
L
0
3
o))
o
[$7]
o
3
,—Jo
—~
&
o
} Je
.}
)
[ ]
-3
)
H
[65]

curve was used to establisi: the limiting alleron dellections
in the NACA tests.,

Condition TIII (static test-breaking load). - The curve of

condition IIT shows the aileron deflections and alrsneeds at

C,

which the air loads presumably woul a4 equal the static test
breaking lcad of 210 pounds per sguare foot.

A comparison of the .data of figures 2 and %5 shows that
at high speeds the limiting aileron deflections shown for

condition II could be reached with a minimum applied stick

force of about 56 pounds, With a stick force of 70 pounds,



- -

70 pounds being & reasonable upper limit for the maximum
rilot's elfort, the limits of condition I would be slightly
exceeded.

It appears, therefore, that the reduction in aileron

balance should not ke carried further without, at the same
time,sfrengthening the structure and possibly the wing
structure.
CONCLUDIEG HFMARIS

From g consideration of the results shown in this report
end the report of reference 1, 1t 1s evident that a conslderable
improvement in the lateral control characteristics of the
XP=-51 alrplane was effected by the installation of the
beveled tréiling—edge ailerons with increased travel. The
greatest improvement was evidenced at low and moderat
speeds whare the aileron elfectiveness was iﬁC?eased 55 percent
to 70 percent over that of the original ailerons.,. At high
speeds the roll obtained for a glven stick force was from
20 percent to L0 percent greater than that obtainable with
the original XP-51 allerons and sppears to be as great as
the strength of the present wing and alileron structure will
permit, |

In general, the lateral control characteristics with the
modified allerons may be said to be comvarable with those of
such airplanes as the P-li0 and the XP-€0 which, in that

respect, are among the most satisfactory tested.
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If further lightening of the aileron stick forces of the
XP-G1 is attempted, the strength ol the wing-aileron structure
siiould bhe reexamined in detall since the safe limits of deflec-

tions as regardés the aileron strength are now attained with

a stick force of only 56 pounds.
It appears advisable to avoid the use of a trimming tab

on the ailerons having beveled tralling edges in view of” the
uncertain charscteristics exhibited in the present tes ts.

The small variations of trimaing forces that occurred with-
out the trimaing tab could either be ignored or taken care of
with a bungee.

Langley llemorial Aeronautical Laboratory,

National Advisory Committee for Aeronsutlcs
o R ] H
Izngley Field, Va., November 27, 1)4?.
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FicurRE I(A)e = VIEW OF REBUILT AILERON ON LEFT WING OF

XP=51 AIRPLANE,

Ficure

I(B)s = CLOSE-UP VIEW OF TRIM TAB ON REBUILT
AILERON ON LEFT WING OF XP=5| AIR=-
PLANE, J|AB DEFLECTED DOWN,
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